A description is given o f the experim ental technique devised to apply the m ethod outlined theoretically in part I to the measurement of the dynamic compressive yield strength o f various steels, duralumin, copper, lead, iron and silver.
Introduction
During the period 1939-40, the Road Research Laboratory of the Department of Scientific and Industrial Research was engaged upon experimental work for the Research and Experiments Department of the Ministry of Home Security, and it became necessary to determine the strength of various materials at the high rates of strain associated with the impact and penetration of projectiles. The rates of strain obtainable with impact machines, up to approximately 900 in./in./sec. (Brown & Vincent 1941) were considered to be too low for the purpose, and hence the method outlined in part I by Sir Geoffrey Taylor, F.R.S., was adopted.
Preliminary tests made -with mild steel showed th at the dynamic yield strength was considerably above the static value. The results were brought to the notice of the Service Departments, where it was appreciated th at the technique afforded a means of testing steels of the type employed in constructing shells, bombs, and armour plate, the conditions of test being at least similar to those obtaining in practice. Consequently, much of the work described in this report was conducted for the Ministry of Supply, and the bulk of it was sponsored by the Armour-Piercing Projectile Co-ordinating Sub-Committee of the Ordnance Board under the Chair manship of Dr C. Sykes, F.R.S., at th at time Superintendent of the Metallurgy Division of the National Physical Laboratory.
Tests were also made on other materials such as duralumin, copper, lead, and iron, while tests on duralumin and silver were made for the Metallurgy Division of the National Physical Laboratory, and their metallographic examination is described in part I I I .
E x p e r i m e n t a l p r o c e d u r e
In many of the experiments the steel specimens were 1*0 0 in. long by 0-280 in. diameter, electroplated with copper to increase the diameter to 0-312 in. for firing from a 0*303 in. Service rifle. The projectiles were fired to strike perpendicularly upon the ground and polished surface of a piece of cemented steel armour plate, 12 in. square by 4 in. thick. The specimens were usually 'mushroomed' by the impact, and the profiles of typical specimens are shown in figure 1. Flat-ended projectiles for determining dynamic yield stress. 11 301 F igure 1. S teel cy lin d ers a fter te s t.
In much of the work described in this paper, the approximate formula (equation (22) of part I) has been used to compute the dynamic compressive yield strength from the experimental data. This formula, converted to practical units, is 0 1-018 x 10~5 x U* log »(L/X) () where S -dynamic compressive yield strength in tons/sq.in., U -striking velocity in ft./sec., L = initial overall length of the test cylinder-usually measured in inches, L l = overall length of the test cylinder after impact-measured in simi units to L, X -unstrained length of the specimen in inches-taken as the distance from the rear end of the specimen to the point where the diameter first increases by 0-001 in., d -depth of dent in the target plate, in inches-frequently negligible.
In equation (1), the constant 1*018 x 10~5 refers to steel having a density of 7*80g./ml. When other materials are tested, the constant must be adjusted in proportion to the densities.
In the more exact analysis given in part I (see equations (27) to (30) 
where p -density, and, when T = duration of impact, and Tx = aT/L,
The constant C represents the velocity of the plastic-elastic boundary in the specim relative to the front face of the target plate. The method of solution involves finding a value of K to satisfy equation (2), after which C/a, and then C and a are computed, and hence 8 is determined.
Both methods of solution depend on the striking velocity and on the dimensions of the test cylinder before and after impact. The overall lengths of tjie cylindrical specimens before and after test were measured by a micrometer to an accuracy of 0-001 in. After test, the copper coating was removed without damaging the steel, and measurements were made of the unstrained length X, to an accuracy of 0-005 in., by determining with dividers the distance from the rear end a t which the diameter of 0-280 in. increased by 0-001 in. The unstrained length determined in this way was associated, therefore, with a permanent strain of similar order to th at employed by the Engineering Division of the National Physical Laboratory in determining the stress giving 0-2 % permanent strain in static compression, this quantity being determined for most of the materials mentioned in the present paper. The unstrained length was determined at several points around the specimen, and the average value was used when substituting in the various formulae. It is shown in part III that metallographic examination confirmed the values of unstrained length determined by this technique.
The approximate formula (1) for determining dynamic strength involves the square of the striking velocity, while it will be shown later that the strength value obtained by the more exact analysis is almost equally dependent upon the striking velocity. Consequently, it was necessary to devise a method of determining the striking velocity as accurately as possible. In order to minimize yaw, most of the tests were made with a distance of only 5 to 10ft. between the weapon and the target plate, and none of the Service chronographs available at that time, such as the Boulenge chronograph, was suitable for measuring velocities over such a short range. The method employed at the Road Research Laboratory was based on a circuit originally suggested by a member of the staff, Mr K. L. C. Freeborn, and consisted in timing the interval between the rupture of two wire screens by the passage of the projectile.
The wire screens were usually placed either 2 or 5 ft. apart, depending on whether the velocity to be used was below, or above, approximately lOOOft./sec. The screens were wound in the form of a flat grid, with paper attached to both the front and rear faces by photographic dry-mounting tissue to prevent the wires moving laterally out of the path of the projectile without being ruptured. The spacing between the wires was less than the calibre of the projectile, being of the order of Jin. for the 0*303 in. projectile. The recording circuit is shown in figure 2. It consisted essentially of a potentialdivider connected across the output of a mains rectifier producing approximately 150 V, and connected to one pair of the deflecting plates of a cathode-ray tube. The movement of the spot on the screen of the tube was recorded photographically by a rotating-drum camera, driven by a lightly loaded induction motor, which, con sequently, maintained a constant speed. In order to prevent fogging of the record due to the spot being in the centre of the screen when the camera shutter was opened, the spot was initially deflected off the screen by means of an electromagnetic coil wound around the neck of the tube, and connected in series with a battery and a wire placed across the muzzle of the weapon (see figure 2 ). When the weapon was fired, the muzzle wire was broken, either by blast or by the projectile, and the cathode-ray spot moved to its zero position in the centre of the tube screen. Rupture of the first wire screen applied a potential of to the deflecting plates of the tube, and caused the spot to move a short distance per pendicular to the direction of travel of the photographic film. Rupture of the second wire screen applied the full 150 V to the plates and deflected the spot off the screen. A typical record is shown in figure 3 .
The velocity of the projectile was determined from the distance between the screens, and the length of the record corresponding to the interval between the rupture of the two wire screens. The drum camera was calibrated a t frequent in tervals by applying the output of a valve-maintained 1000-cycle tuning fork to the deflecting plates of the cathode-rav tube, and the writing speed remained constant a t 13*4 mm./msec. To avoid the necessity of developing the photographic record after each shot, the movement of the spot due to the rupture of the first wire screen was varied by using a rheostat in place of Rx, and placing a reversing switch circuit and the cathode-ray tube to permit deflexions in both the upward and downward directions. I t was thus possible to obtain as many as six to ten dis tinguishable records on one film.
The longer records, corresponding with the lower projectile velocities, were measured by a rule and dividers, while short records were measured by a travelling microscope, the overall accuracy being, in general, of the order of 1 in 500. The distance between the wire screens could be determined to an accuracy of \ in. when the screen distance was 5ft., and to y^in. when the screen distance was 2 ft. I t is considered, therefore, th at the overall accuracy of the velocity measurements was approximately ± 5 ft./sec. within the velocity range employed, which was from 250 to 2750 ft./sec.
Allowing for the errors in velocity measurement and in determining the various dimensions of the test specimens, it is considered th at the value of the dynamic compressive yield strength obtained in a single experiment, and computed by the approximate formula (see equation (1) of this paper), was accurate to approxi mately ± 5 % at the centre of the velocity range. In order to compare the effect of experimental errors on the dynamic strengths computed from the more exact analysis and from the approximate formula, calculations have been made of the effect of a change of 0*01 in X/L and Lx/L, and of 10 ft./sec. in the striking velocity, each change being examined independently. Such calculations have been made for mild steel specimens tested a t 400, 1600 and 2500ft./sec., and the results are summarized in The principal conclusion to be drawn from table 1 is that the effects of experi mental errors on the results of the more exact analysis are of a similar order to those of the approximate method. The effect of errors in measuring the dimensions of the test-pieces is to produce a decrease of accuracy towards both ends of the velocity range. At high velocities the unstrained length X approaches zero, and small variations in X have a large effect on the term log This is shown in table 1, where a change of 0-01 in X produced a change of 10 % in the dynamic strength obtained at 2500ft./sec., compared with a change of 0*2 to 2-0 % at 1600ft./sec., and a change of 1 % at 400 ft./sec. At low velocities, the final overall length differs little from the initial overall length L, making the term (L -Lx + d), used in the approximate formula, very susceptible to small changes in Lx; similar fluctuations occur in the results of the exact analysis. In table 1, for instance, a change of 0*01 in Lx caused a change in dynamic strength of 20 % at 400ft./sec., compared with a change of T7 to 2*0 % at 1600ft./sec., and IT to T7 % at 2500ft./sec. The experi ments become valueless, therefore, at high and at low velocities, and the range of velocities within which they have value will depend upon the quality of the material tested. A weak, soft material will give satisfactory results within a lower velocity range than a strong material such as armour steel. Table 1 shows th at the effect of variation of striking velocity diminishes with increase of velocity, as might be expected. I t will have been noticed from table 1 th at the exact analysis gave greater values of dynamic strength than the approximate formulae, the difference being 11*8 % at 400ft./sec., 10*3 % a t 1600ft./sec., and 5-8 % a t 2500ft./sec. Differences of this magnitude are outside the range of experimental error expected in this work. I t is clear from the formulae employed th a t the percentage increase in yield strength, due to employing the exact method instead of the approximate formula, depends solely on the values of X/L and LJL, and is independent of the the density of the projectile, and the initial length of the specimen, and figure 4 of part I shows contours of constant percentage change plotted against and LJL. By using this diagram it was possible to adjust the values of dynamic strength computed by the approximate formula to correspond with the exact analysis without the labour of performing the exact analysis for each individual experiment, and this technique has been used in all the experiments described in the present paper.
In the experiments described in this paper it has not been possible to obtain measurements of the rate of strain. Several attem pts were made to determine the rate by photographic methods, but the relatively small dimensions of the specimens made it difficult to obtain results by any of the high-speed photographic methods available at the laboratory.
If it may be assumed that the deceleration of the projectile is uniform, then the rate of strain may be estimated by using equation (36) of part I, which becomes when the striking velocity, U, is in ft./sec. and L and X are measured in inches.
For the approximate solution the duration of impact, T, is given by while for the exact solution the duration may be obtained from equation (5).
V a r i a t i o n o f d y n a m i c c o m p r e s s i v e y i e l d s t r e n g t h w i t h s t r i k i n g v e l o c i t y
In all the tests made with any particular size of specimen and type of material, although the dynamic compressive yield strength was usually above the static 0-2 % compressive proof stress, it did not usually vary significantly with striking velocity within the range investigated. For instance, a series of tests was made within the velocity range 1410 to 2750 ft./sec., using mild steel cylinders having a diamond pyramid hardness of 120, the specimens being initially 0-280 in. in dia meter by 1-00 in. long. The dynamic compressive yield strength remained approxi mately constant at 47 tons/sq.in. throughout the range of velocities employed, and
E s t i m a t i o n o f r a t e o f s t r a i n ( 6 ) (7)
was greatly in excess of the value of 18 tons/sq.in. obtained by the National Physical Laboratory for the 0*2 % compressive proof stress. Table 2 gives typical values of the specimen dimensions and of the dynamic compressive yield strengths obtained in these tests, together with estimated values of the rates of strain and durations of impact, calculated by equations (6) and (7). If it be assumed that the static test to determine the compressive stress corre sponding with 0*2 % permanent strain takes approximately 15 min., the rate of strain is approximately 2 x 10~6 in./in./sec. It is not surprising, therefore, that, since the increase of the rate of strain from 2 x 10~6 to 13,000 in./in./sec. raised the yield from 18 to 47 tons/sq.in., variation of the striking velocity from 1410 to 20-2 2750ft./sec., which produced an increase in the rate of strain from 11,400 to 16,700in./in./sec., had no significant effect on the dynamic compressive yield strength. Figure 4 shows a typical set of results obtained with duralumin cylinders, again showing th at the dynamic strength was independent of the striking velocity within the range employed. I t has been mentioned already th at the range of velocities which can be used to give satisfactory results depends on the quality of the material tested, and, there fore, with soft materials this velocity range will be well below th at for the various types of steel. Consequently, the range of velocities (1300 to 2750ft./sec.) usually obtainable with the 0-303 in. rifle was not satisfactory for tests on soft materials. Attempts were made to fire the rifle at velocities below 1300 ft./sec., but they frequently resulted in the projectile remaining fixed in the barrel.
A solution of the problem was to employ other weapons to obtain the lower velocity range required, but since, for most purposes, this involved using a 0-38 in. revolver with steel cylinders 0-350 in. in diameter by 0-500 in. long, it was first necessary to determine the effect on the results of varying the dimensions of the specimens, particularly since it was likely th at both the rifle and the revolver would have to be used to obtain a suitable velocity range for some of the materials investigated.
Inspection of the formulae derived by Sir Geoffrey Taylor showed th at the dynamic strength should be independent of the calibre of the cylindrical specimen, and should also be independent of the length, provided th at the unstrained length X and the overall length Lx were proportional to the initial length L, and th at the rate of strain was not greatly affected by varying the initial dimensions of the test cylinder. Figure 5 shows the similarity between two cylinders after test at 575 ft./sec., one being initially 3-12 in. in diameter by 4-00 in. long, while the other was 0-35 in. in diameter by 0-50 in. long.
The effect of specimen length was investigated in a series of tests on cylinders of hard mild steel (diamond pyramid hardness = 170). The cylinders were 0-500 in. in diameter by 0-80 to 1-60 in. long, varying by intervals of 0-20 in. The specimens were electroplated in the usual manner and fired from a 0-55 in. anti-tank rifle. The results are summarized in table 3. Table 3 shows that increase of the initial length of the specimen from 0-80 to 1-60 in. made no significant difference to the dynamic compressive yield strength, the slight'change recorded, from 54 to 57 tons/sq.in., being less than the experimental scatter. The rate of strain decreased with increase of the length of the test cylinder but remained high, and the range covered was such th at this variation in rate of strain would not be expected to affect the dynamic strength.
In connexion with other work it became necessary to determine the relation between muzzle velocity and weight of propellant for a 13 pdr. gun. The proof shot employed consisted of a mild steel cylinder 3-12 in. in diameter by 4-00 in. long, which was fired against a piece of armour plate 2 in. thick by 3 ft. square. The velocities employed lay between 575 and 1200 ft./sec., and the 'mushroomed' cylinders were sufficiently similar to those obtained in other tests to justify making cylinders from the material to fit other weapons, so as to determine the effect of specimen size. One of the large cylinders after test is shown in figure 5 : the increase Flat-ended projectiles for determining dynamic yield . I I 309 in diameter a t about a quarter of the way along the specimen was made to fit a cartridge case, and was not caused by the dynamic experiment. The steel had a diamond hardness of 120, and the dimensions of the various cylinders are given in table 4 together with the results. The results of the tests are shown in figure 6 , and indicate that the specimen dimensions had no marked effect on the values of dynamic strength. The scatter of the experimental results was similar in magnitude to th at which occasionally occurs in this work, and was greater than that expected from the possible errors in measure ment.
Comparison op approximate and exact methods of analysis for mild STEEL TESTED W ITHIN THE VELOCITY RANGE 380 TO 2750 F T./SE C .
The experiments described in the previous section showed th at the specimen dimensions had little effect on the dynamic strength. Accordingly values of X/L and L X\L were plotted against the striking velocity for these experiments, and these quantities were found to be independent of the initial dimensions of the specimens. Values read off these curves are shown in figure 7 together with values of (L1-X)/L. Since these experiments covered a greater velocity range than any of the others described in the present paper, the results have been analyzed by both the approximate and the exact methods to show the difference which arises, and also to show the variation of K, C, and a with striking velocity. The results of the analysis are summarized in table 5. The results of the two methods of analysis are also shown graphically in figure 7 , and indicate th at the differences between the two sets of values of dynamic strength decrease with increase of striking velocity. However, this result is only applicable to the particular values of X/L and L J Lo btained in this has been shown in figure 4 of part I th at the difference between the approximate and exact solutions depends solely on the actual values of X/L and LfL employed.
One interesting feature of table 5 is the near constancy of the term a. This was to be expected since 2 S/p = a2, and the dynamic strength S has been experiments to be independent of the striking velocity.
Figure 7 (c) shows the variation with striking velocity of the velocity C of the plastic-elastic boundary with reference to the target plate. C appears to decrease with increase of striking velocity, and to approach zero asymptotically at high striking velocities. This appears reasonable because, a t very high striking velocities, the projectile probably behaves as a liquid jet, and becomes spread over the face of the target, so th at the plastic-elastic boundary cannot move through the projectile away from the target face. At low striking velocities it appears possible th at the velocity of the boundary will approach th at of elastic waves in the specimen. . C o m p a r i s o n o f r e s u l t s o f a p p r o x i m a t e a n d e x a c t m e t h o d s o Figure 7 (6) shows that, even at the lowest striking velocity employed, there was no tendency for the dynamic strength to fall towards the static value, probably because, as has been mentioned already, the lowest striking velocity employed was still associated with a high rate of strain compared with th at employed in static experiments. Table 6 gives details of the various types of steel which were tested, together with the hardness value, if measured, the 0 2 % proof stress obtained in static compression tests by the Engineering Division of the National Physical Laboratory, the average rate of strain attained in the dynamic tests, the average dynamic compressive strength and the ratio of dynamic to static strengths. The dynamic strengths were computed by the approximate method and then corrected to the exact formula by using the difference contour curve given in figure 4 of part I. The range of velocities employed was usually from 1400 to 2500ft./sec., and average values of dynamic strength and rate of strain have been given in table 6 because, in general, the variation of dynamic strength with striking velocity was negligible. Figure 8 (a) shows the .ratio of dynamic to static strength plotted against the logarithm of the static strength, while figure 8 (6) shows the ratio plotted directly against *the static strength. Reference to table 6 shows th at the dynamic tests were to approximately treble its static value at low static strengths, such as 2 0 tons/sq.in., while the increase of strength decreased with increase of static strength until there was no apparent increase at the highest static strength obtainable in the present experiments, namely, 120tons/sq.in. The scatter shown in figure 8 is to be expected in view of the different types of steel employed, some of which contained alloying elements not present in the others, while some had been subjected to complicated heat treatments. Figure 8 (a) indicates a linear relationship betweemthe ratio of dynamic to static strengths and the logarithm of the static strength, the line on the diagram for steel being given by S /F = 5-98-2-42 loglor,
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T e s t s o n v a r i o u s t y p e s o f s t e e l -c o r r e l a t i o n b e t w e e n DYNAMIC AND STATIC STRENGTHS
where S = dynamic compressive yield strength in tons/sq.in., and Y = 0*2 % compressive proof stress in tons/sq.in. The line was obtained by least squares, and the correlation coefficient for the thirty-seven results involved was 0-94, implying a significant relationship. The relation given was the best fit to the experimental data, but should not be extrapolated beyond the maximum static strength employed, because it is unlikely th at the dynamic strength is ever less than the static strength, and, more probably, the ratio approaches asymptotically to unity at very high strength values.
C o m p a r i s o n o f d y n a m i c r e s u l t s w i t h t h o s e o b t a i n e d IN OTHER DYNAMIC EXPERIMENTS
Brown & Vincent (1941) of the National Physical Laboratory made high-speed tensile impact tests on a number of ferrous metals at rates of strain up to approxi mately 900 in./in./sec. Stress-strain measurements were made and showed that, in the case of a medium carbon steel and Yorkshire iron, a rise of yield stress accom- > p ! panied increased rate of strain. In the case of a low-carbon manganese steel, a nickel-chromium steel, and 'Vibrac' steel, there was a tendency for the yield stress to fall at first, but to increase to approximately its initial value at the higher rates of strain. The ultimate tensile stresses were not affected by the rate of strain. Mr A. F. C. Brown has supplied samples of the medium oarbon, nickel-chromium, and ' Vibrac' steels which he used in his tests, and their dynamic compressive yield strengths have been determined. Table 7 gives details of the chemical analyses of the materials investigated, taken from Brown & Vincent's paper, together with their mechanical properties, and the results of the present series of experiments. For all three materials, the dynamic compressive strength exceeded the 0-2 % static compressive proof stress, and also exceeded the ultimate tensile strength, whether measured statically or dynamically. Figure 9 shows the yield values obtained in both investigations plotted against the logarithm of the rate of strain; in every case a sharp rise of yield strength occurred at the high rates of strain employed in the method described in this paper. A p art of this rise may perhaps be attributed to the fact that, in the present tests, the dynamic strength was determined in compression, whereas Brown & Vincent made tensile tests, and, in fact, in the static tests the 0-2 % proof stress, measured in compression, was higher than the tensile yield value in every case.
Flat-ended projectiles for determining dynamic yield stress. I I 317 E f f e c t o f p r e -s t r a i n i n g s t e e l
Dr S. L. Smith, who, a t the time the tests were made, was Superintendent of the Engineering Division of the National Physical Laboratory, suggested th at tests be made to determine the dynamic compressive yield strength of strain-hardened mild steel. The material selected was a mild steel which, in the annealed condition, had a static tensile yield stress of 17 tons/sq.in., and a nominal ultimate tensile stress of 27*7 tons/sq.in. One set of specimens was made from bar in the annealed condition, a second set was made from bar which had been strained in tension to a true stress of 33*6 tons/sq.in. (nominal stress 26-2 tons/sq.in.), and a third set of specimens was made from bar strained in compression to an equal true stress. The results of the dynamic tests are given in table 8, the values of dynamic strength corresponding with the exact analysis having been obtained by correcting the values computed by the approximate formula.
The results given in table 8 indicate little difference between the dynamic strengths of specimens initially strained in tension and in compression, but both strengths were approximately 10 tons/sq.in. above that of the material in the annealed condition.
I t is well known th at the yield point of mild steel, tested under static conditions, may be raised by pre-straining of the type'described. I t was shown in figure 8 th at the relationship between the dynamic and static strengths of all the steels tested appeared to depend solely on the static strength, and to be independent of the method by which the static strength was obtained. Consequently, in the present case, since pre-straining is likely to have produced an increase in the static yield point, the dynamic strength also would be expected to have increased. Increase of and soft duralumin at low velocities, but is similar to armour steel at velocities of 1600 to 2000 ft./sec. It will be appreciated that, although the values of and LJL may be in agreement in such cases, so that the percentage corrections are equal, the actual values of the dynamic strength depend upon the density of the material and the striking velocity, and may therefore be very different.
It will be noticed from figure 10 that a specific value of is given by different values of LX JL, depending upon the material tested. For example, 0*18 will be given by LJL = 0*35 for armour steel and ' normal ' duralumin, 0-5 for mild steel, 0*6 for soft duralumin, 0*7 for lead and 0*95 for copper. It would appear that these values of LxjL represent the relationship between the ductilities of the materials at high rates of strain.
C o n c l u s i o n s
The following conclusions may be drawn from the experiments described: (1) Using the method suggested in part I, it is possible to determine the dynamic compressive yield strength of various metallic materials at rates of strain estimated to be of the order of 104 in./in./sec.
(2) The dynamic compressive yield strengths may be computed from the experi mental data by first using the approximate formula (22) of part I, and then adjusting the result to correspond with the exact equations (27) to (30) by applying a correction based on the dimensions XjL and LfL. This correction is of the order of 6 % for a hard material such as armour plate, and increases with decrease of the quality of the material, being of the order of 18 to 25 % for soft materials such as lead and copper.
(3) With the materials tested there was little change in the dynamic strength with variation of the striking velocity employed, probably because the rate of strain did not vary to any great extent with the striking velocity.
(4) The method was found to be inaccurate at high and low velocities; for instance, with mild steel, satisfactory results were obtained only within the range 400 to 2500ft./sec. The range of velocities within which satisfactory results could be obtained varied with the quality of the material tested, soft metals giving results within a much lower range than that necessary for harder materials. Because of its failure at low velocities, the method cannot be used to bridge the gap between static and dynamic tests.
(5) Within the range of weapons available at the laboratory there was little change in dynamic strength with alteration of the specimen dimensions, probably because the corresponding change in rate of strain was not large.
(6) In general, the dynamic compressive yield strength S was greater than the static strength Y represented by the compressive stress giving 0*2 % permanent strain. (9) An increase of dynamic strength was obtained by pre-stressing mild steel either in tension or in compression.
(10) Dynamic tests were made on the medium carbon steel, nickel-chromium steel, and 'Vibrac' steel which had been tested under tensile impact conditions by Brown & Vincent (1941), who found that, at strain rates up to 900 in./in./sec., there was an increase in the yield value of medium carbon steel, but little change in the case of the other two materials, while the ultimate tensile values were almost un affected. The present dynamic tests gave increases of yield strength in all three cases.
(11) Dynamic compressive yield values were obtained for very soft materials such as pure lead, copper, and Armco iron, which, under static conditions, gave no definite yield values.
(12) A plot of the unstrained length X, expresse length Lx, expressed as LJL, for the various materials showed that any specifie value of X/L was associated with greater values of Lx jL for the more ductile materials, such as copper and lead, than for the more brittle materials, such as armour plate and duralumin. It appears, therefore, that the ductilities of materials under dynamic conditions may be compared by studying the ratio LJX for a specified value of The author's thanks are due to the Director of the Road Research Laboratory and to the Chief Scientist, Ministry of Supply, for permission to use the data contained in this paper.
